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INSTRUCTIONS 

¢ Use black ink. You can use an HB pencil, but only for graphs and diagrams. 

e Write your answer to each question in the space provided. If you need extra space use 
the lined pages at the end of this booklet. The question numbers must be clearly shown. 

¢ Answer all the questions. 


INFORMATION 

¢ The total mark for this paper is 140. 

e The marks for each question are shown in brackets [ ]. 

* Quality of extended response will be assessed in questions marked with an 
asterisk (*). 

e This document has 32 pages. 


ADVICE 
e Read each question carefully before you start your answer. 
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SectionA 


1. A tree is one example of a data structure. 


(a) (i) Give two characteristics of a tree data structure. 


ODD cies ce fetch Sabai wail geo cacasertoeeeitucs ra dia waTGul Pt rea hie eat bo ealcipneunae eg epee wel dagen idanads tne 
nowt een rtd Sas tag a Dec ecla ena ncobes ta pnaanes Aodenrtrtenna mad geen Ruteeadatad bien Debts au voMaeee lata 
[2] 
(ii) The following data is entered into a binary search tree. 
22 13 5 36 55 14 8 
Draw the binary search tree when the given data is entered in the order given. 
[4] 
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(iii) Describe how a leaf node is deleted from a binary search tree. 
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(v) Identify the order that the nodes will be visited in a depth-first (post-order) traversal of 
this binary search tree. 
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6 
(b) Agraph is another type of data structure. 


An example graph is shown in Fig. 1. 


Fig. 1 


© OCR 2023 


7 


Show how Dijkstra’s algorithm can be used on the graph shown in Fig. 1 to find the shortest 
path from start node A to end node G. 


You must state the nodes on the final path and the distance of this path. Show your working. 
You may use the table below to give your answer. 


Node Distance travelled Previous node 


Final Pate: oo... cece eee c cece cece cece ce eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 


DISTAN GC? oe ecco indde trochodcteunndnncnlecettuediencadevasdessmadsevetiledvestarsumeean 


[6] 
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2* Acompany needs a new computer program that will create schedules for delivery drivers. It will 
need to identify a possible order that the drivers can deliver items and possible routes they could 
take. 


Discuss how programmers could make use of problem recognition and problem decomposition 
when designing this system. 


You should include the following in your answer: 
* adescription of both problem recognition and decomposition 


¢« how each method can be used when designing the solution 
¢ — the benefits of using each method when designing the solution. 


© OCR 2023 


© OCR 2023 Turn over 


10 


A program stores data in a linked list. 


The current contents of the linked list are shown in Fig. 3, along with the linked list pointers. 


location data pointer 


headPointer 0 "blue" 
W red" 


"green" 


freeListPointer 


"orange" 


W grey" 


"purple" 


WO} CO; NA} a! oO} BP] WIM Fr 


Fig. 3 
(a) State the purpose of headPointer and freeListPointer in the linked list shown in 
Fig. 3. 
HEAOP OUNCE SI wii ioldletih divert BAe Acerca ees 
FYECTASTPOINTSH sdidinte eri nwities oki cee neresth elise ews das dedaadbsstvbescuscsenacscoeeeesda becasue decedevedeeeeav ees 


(b) State the meaning of the pointers with the value NULL in the linked list shown in Fig. 3. 


(c) A procedure outputs the data in the linked list shown in Fig. 3 from the first item in the list, to 
the last item. 


Give the output from the procedure. 
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(d) Anew item needs to be added to the linked list. 


Describe how a new item is added to a linked list. 


(e) The function £indNode will search the linked list and return either the position of the node 
that contains the data item, or -1 if the data item is not found. 


The data held in a node at location x can be accessed with linkedList[x].data. The 
pointer of the node at location x can be accessed with linkedList[x] .pointer. 


For example, using the linked list shown in Fig. 3: 
linkedList[2].data returns green. 
linkedList[2].pointer returns 8. 


Complete the function, using pseudocode or program code. 


function findNode(toFind, headPointer, linkedList) 


CURTENT NOUS: = sianonddcdornsinceiwiwedieemenew ates 


while (CUrrenENOde 2 seivecceveecsasaccaiswestent dete aess ) 


LF Jinkédiist [GurréentNnode] .... wevsciesseiadiuecivetseisceederecee == toFind then 
return currentNode 

else 

currentNode = linkedLiSt [........c cece cece cece eee eeeeee eens ].pointer 


as 


endif 


endwhile 
ISGVE UIC. “adiaatiauas niedaxntaunaeaneseauann es 


endfunction 


[5] 
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4 Aprogrammer has designed a program that includes a reusable program component. 
(a) The reusable program component is a function called isInteger () . This will take a string 


as an argument and then check that each digit is between 0 and 9. For example if 103 is 
input, it will check that the digits 1,0 and 3 are each between 0 and 9. 


The asc () function returns the ASCII value of each digit. For example asc ("1") returns 
49. 


The ASCII value for 0 is 48. The ASCII value for 9 is 57. 


01 function isInteger (number) 

02 result = true 

03 for count = 0 to number.length-1 

04 asciiValue = asc(number.substring(count, 1)) 

05 if not(asciiValue >= 48 and asciiValue <= 57) then 
06 result = false 

07 endif 

08 next count 

09 return result 

10 endfunction 


(i) Identify one identifier used in the function isInteger (). 


(ii) Give the line number where the branching (selection) construct starts in the function 
isInteger(). 


(iii) Give the line number where the iteration construct starts in the function isInteger (). 
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(b) Describe the purpose of the following lines in the function isInteger (). 


MEANS OSS es es a cassis cise eta car no science set cc se eereuience sec niiand cvees ansiaractratber sacle damental oben Menannaanene evdaueutunsasenteclascausee 
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A recursive pseudocode function, recursiveA] 


gorithm (), is shown. 


01 function recursiveAlgorithm (value) 

02 if value <= 0 then 

03 return 1 

04 elseif value MOD 2 = 0 then 

05 return value + recursiveAlgorithm(value - 3) 
06 else 

O7 return value + recursiveAlgorithm(value - 1) 
08 endif 

09 endfunction 


(a) Describe the key features of a recursive algorithm. 


You may refer to the function, recursiveAlgorithm() in your answer. 
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(b) Trace the recursive function, recursiveAlgorithm(), and give the final return value 
when called with recursiveAlgorithm(10). You may choose to use the table below to 
give your answer. 


Function call 


value 


return 
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Octal is a base 8 number system. 
To convert a denary number to base 8: 
¢ — the denary value is divided by 8 and the remainder is stored 


e the integer value after division is divided by 8 repeatedly until 0 is reached 
e the remainders are then displayed in reverse order. 


Example 1: 


Denary 38 
38 / 8 = 4 remainder 6 6 
4/8=0 remainder 4 4 
Octal = 46 
Example 2: 
Denary 57 
57/8 =7 remainder 1 1 
7/8=0 remainder 7 7 
Octal = 71 


Write an algorithm to: 

e« take a denary value as input from the user 

* convert the number to octal 

¢ output the octal value. 

You do not need to validate the input from the user. 


Write your algorithm using pseudocode or program code. 
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A program designer needs to decide on an algorithm to use from a choice of three. The table 
shows the worst-case Big O complexities for each algorithm. 


Algorithm Time Complexity Space Complexity 
1 Linear Exponential 
2 Exponential Constant 
3 Logarithmic Logarithmic 


The program will be used to analyse data that can range from 2 items to 2 billion items. 
Compare the use of all three algorithms and suggest which the programmer should use. 
You should include the following in your answer: 

e the meaning of constant, logarithmic, linear and exponential complexity 


* how well each algorithm scales as the amount of data increases 
¢ — which algorithm is the most suitable for the given task. 
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(b) The program designer is investigating the use of concurrent processing. 
(i) Describe what is meant by the term ‘concurrent processing’. 


Seacoast snacestae dua occa Ren atasearateclexa Deteua Aglaateaaldnt diy gt cuaetectauaniesten dn deadtaveecMcesndadeagueniseatanetaapes [2] 
(ii) Give two benefits of using concurrent processing. 
Al scasiesinnscanbatseaa hes swas toast neti aashisan tien we sasinslieandennteeweacbnesbettsedtaastiseniidetaanvnasesetedsiccantontdviersnits 
Le Rahie ai ghd patpceaiahaaincte Sutaessdvuccctean Gandia lsat mn reulP nai alaperatetaua da taste mares meemeanteaivenE NEAT ad 
[2] 
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(c) The programmer needs to use a merge sort in one part of the problem to sort items in 
ascending order. 


(i) Describe how a merge sort works. 


(ii) Give one benefit and one drawback of the programmer using a merge sort instead of a 
bubble sort. 


BGG This setancntciectad ante neve ngeacee ances dna uahanduseaatanteacebaanenn ise sactaecsageteacteensunsadiucr satataaseaancuaamiubmasntary 


© OCR 2023 Turn over 


22 


(d) The programmer uses an Integrated Development Environment (IDE). 


Complete the table by identifying and describing three IDE features that can help the 


programmer to develop, or debug a program. 


IDE feature 


Description 
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A program is being designed that will allow a user to log into an account on a website using a 
username and password. 


(a) Identify two possible inputs and one output this program will need. 
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Section B 


A text-based computer game allows a user to dig for treasure on an island. The island is 
designed as a grid with 10 rows and 20 columns to store the treasure. Each square is given an 
x and y coordinate. Some of the squares in the grid store the name of a treasure object. Each 
treasure object has a value, e.g. 100 and a level, e.g. "Bronze." 

(a) The computer game makes use of abstraction. 


(i) Describe what is meant by the term abstraction and give an example of how abstraction 
can be used in the treasure game. 


DE@SCIIPUON: asicinsecsncsssnsvsses aves Meveisainiad Magi Nae iia nteynar i dueneai nin EMS 


[3] 
(ii) Give three benefits of using abstraction when writing a program. 
Ml saSitsesiisingiitakiosijteteteaettties taeda tavaxadetunaaneesVolastaietsoiminsiiuehsiost ana: leladenenbieplsnoated Unliiaasaaeobbtasubexiatnnt 
Baa ant data dc ree atte a tea ese ten ee eee detec toees tetedecuegandhasmab eevee ans deteametenGeerataetes austes dances 
SS nensgdt cetometncgseticeatgiinedianatiees bemused dese seGuncasa pabSnemsal nile giiebslsint Auphotheiieulgn ated sonsincnagntuamemaunteaiasea? 
[3] 
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he treasure game is being programmed using an object-oriented paradigm. 


A class, Treasure, is used to store the treasure objects. 


T 


he design for the Treasure Class, its attributes and methods is shown here. 


class: Treasure 


attributes: 
private value : integer 
private level : string 


methods: 

new () 

unction getValue () 
function getLevel () 


(i) The constructor method takes a value as an integer, e.g. 100, and a level, e.g. "bronze", 
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as parameters and assigns these to the attributes. 
Write pseudocode or program code to declare the class Treasure. 
You should define the attributes and constructor method in your answer. 


You do not need to write the get methods. 
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(ii) The get method getLevel () will return the appropriate attribute. 
Write the method getLevel () using either pseudocode or program code. 
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(c) Aclass, Board, is used to store the 10 row (x coordinate) by 20 column (y coordinate) grid. 


The design for the Board class, its attributes and methods is shown here. 


class: Board 


attributes: 
private grid : Array of Treasure 


methods: 
new () 


Pas 


function getGridItem(x, y) 


oa 


function setGridItem(x, y, treasureToInsert) 


The constructor initialises each space in the grid to a treasure object with value as -1 and 
level as an empty string. 


Complete the following pseudocode for the constructor method. 


public procedure new() 


FOR POW = taspasestasscdtagaasaesatanes to 9 
FOr Column = 0. CO" cdecssaenssseienmeesnaleeds 
scadbnengenteepnneemedenaens [row, column] = NeW Tre ASULE (..c.cccececceeeseeeeeeeeeeeen UN) 
NOME. tiscsdcancgecseghersenstecmas 


next row 


endprocedure 


[5] 
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(d) Aprocedure, guessGrid(): 
* takes a Board object as a parameter 
* accepts the row (x) and column (y) coordinates from the user 
* outputs "No treasure" if there is no treasure found at the coordinate (level is an empty 
string) 
e if there is treasure at that coordinate, it outputs the level and the value of the treasure in 
an appropriate message. 


Write the procedure guessGrid() using either pseudocode or program code. 


Sa eshte ac ean nt ee Caladium achat a ea tne eaa atta hued ine na Daa a Ps kacudan Vaser ered ab idedaN educa cua tacivaaeaniatnieten [7] 
(e) Describe two benefits of using an object-oriented paradigm rather than a procedural 
paradigm. 
1 aheminruhiacinas cio tecianasiaaa qe sniataduis hommansnniausasaedeplanaxeasa sand vad rananuioa sh wanmiaaanhiasaaanamiiuasimamaRinninnne: 
SS sca capanenanaaschamesieensdeanxtaraaceunectanandasbetesaatinnsatmusacpasieivantiecsacendmatauapianteconintaaiauraucacceadiadsstaaamumacuesayt 
[4] 
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The main program initialises a new instance of Board. The programmer is considering 
declaring this as a global variable or as a local variable and then passing this into the 
subroutines that control the game. 


Compare the use of variables and parameters in this game. 
You should include the following in your answer: 
* what is meant by a local variable and global variable 


¢ — how local and global variables can be used in this program 
e the use of passing parameters by value and by reference. 


END OF QUESTION PAPER 
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